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We present magnetotransport calculations for homogeneous two-dimensional electron systems
including the Rashba spin-orbit interaction, which mixes the spin-eigenstates and leads to a modified
fan-chart with crossing Landau levels. The quantummechanical Kubo formula is evaluated by taking
into account spin-conserving scatterers in an extension of the self-consistent Born approximation that
considers the spin degree of freedom. The calculated conductivity exhibits besides the well-known
beating in the Shubnikov-de Haas (SdH) oscillations a modulation which is due to a suppression
of scattering away from the crossing points of Landau levels and does not show up in the density
of states. This modulation, surviving even at elevated temperatures when the SdH oscillations
are damped out, could serve to identify spin-orbit coupling in magnetotransport experiments. Our
magnetotransport calculations are extended also to lateral superlattices and predictions are made
with respect to 1/B periodic oscillations in dependence on carrier density and strength of the spin-
orbit coupling.
PACS numbers: 72.20.-i;73.23.-b;85.75.-d
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I. INTRODUCTION
The Rashba spin-orbit coupling1,2 that exists in sys-
tems with axial symmetry, plays a key role in spintronics3
realized with two-dimensional (2D) carriers in semicon-
ductor heterostructures as it allows to manipulate the
spin by a gate-controlled confinement potential. Spin-
orbit (SO) coupling mixes the spin states and removes
the spin degeneracy for states with finite momentum.
Besides the Rashba term caused by the asymmetry of
the confinement, there exists also a SO coupling due
to the inversion asymmetry of the crystalline struc-
ture of the semiconductor bulk material (Dresselhaus
term4). Both types of SO coupling combine to an
anisotropic spin-splitting of 2D electrons, which has been
analyzed by inelastic light scattering5 and play a role
also in weak localization studies6,7. The intimate re-
lation between spin splitting and spin relaxation, well-
known for bulk material8,9 has found renewed inter-
est for 2D electrons10,11, furthered by the possibility to
measure spin-relaxation times with monopolar optical
orientation12. The zero-field spin splitting13 has to com-
pete with the Zeeman spin-splitting if a magnetic field
is applied perpendicular to the plane of the 2D electron
system. This results in a fan chart showing characteris-
tic crossings of Landau levels, which in magnetotransport
data are detected as beating of the Shubnikov de-Haas
(SdH) oscillations14,15,16,17. For hole sytems, the two SO
coupling mechanisms have been found to be responsi-
ble for anomalous SdH oscillations18,19. The structural
asymmetry of the confinement can be tuned into a regime
where the Rashba SO coupling dominates over the bulk
inversion asymmetry13. In spite of this current interest in
the Rashba SO coupling and its relevance for spin-related
transport in two-dimensional electron systems (2DES) it
is surprising that there is so far no rigorous magneto-
transport calculation which takes this coupling into ac-
count.
Here, we present fully quantum-mechanical calcula-
tions of the magnetoconductivity including the Rashba
SO interaction. The calculations are based on the evalu-
ation of the Kubo formula with an extension of the self-
consistent Born approximation (SCBA) by taking into
account the electron spin degree of freedom. Our results
show besides the known beats in the SdH oscillations
an additional modulation connected with the crossing
of Landau levels. This modulation, which is not seen
in the density of states, arises as we take into account
spin-conserving impurity scattering which is suppressed
when the SO coupled states are not degenerate. It sur-
vives even at higher temperatures, when SdH oscilla-
tions have died out, and could serve, if experimentally
detected, as another fingerprint of SO interaction. In
lateral superlattices21, where a 2DES is subjected to a
periodic potential, there exist besides the SdH oscilla-
tions other 1/B periodic magnetotransport oscillations
due to commensurability between cyclotron radius and
lattice constant22 and due to the formation of a mini-
band structure23,24. From our magnetotransport calcu-
lations for lateral superlattices with weak uni-directional
(1D) modulation we predict a splitting of these periods
due to SO coupling and calculate their dependence on its
strength and carrier density.
The paper is organized in the following way. After
this introduction we describe in the section II the energy
spectrum and the eigenstates of a 2DES with Rashba SO
interaction. For the calculation of the conductivity we
simplify the energy spectum and introduce a constant
spin-splitting model. In the section III the SCBA is ex-
tended by the spin degree of freedom to describe the scat-
tering of spin-conserving impurities in a 2DES with SO
interaction. The effects of this extension are illustrated
for a two level system, where it is shown that for non-
2suppressed. In section IV we present the conductivity
and compare the cases with and without SO coupling.
Finally in the section V we show results for a system
with SO interaction and a 1D periodic modulation and
study in the power spectrum of the magnetoconductivity
the evolution of the characteristic periods with increasing
SO coupling.
II. ENERGY SPECTRUM AND THE
CONSTANT SPIN-ORBIT COUPLING MODEL
The Hamiltonian of a 2DES (in the xy-plane) realized
in the lowest subband of a semiconductor heterostructure
with effective massm∗, Rashba SO interaction due to the
z-confinement with coupling constant αz, and Zeeman
term with effective g-factor g∗, in a magnetic field B =
Beˆz, is given by
H =
1
2m∗
(
pi2x + pi
2
y
)− αz
h¯
(σxpiy − σypix) + 1
2
g∗µBσzB,
(1)
where piµ denotes the kinetic momentum and σµ the Pauli
spin matrices, µ ∈ {x, y, z}. The spin (up/down) is quan-
tized in z-direction. The energy spectrum is isotropic
and without the magnetic field, B = 0, it depends on the
wavevector k and is given by1
E±k =
h¯2k2
2m∗
± αz |k|. (2)
The SO coupling lifts the spin degeneracy even without
external magnetic field and the energy branches are split
by
∆SO = 2αz|k|. (3)
Including the external magnetic field, the Hamilto-
nian can be formulated with ladder operators a†|n〉 =√
n+ 1 |n+1〉, a|n〉 = √n |n− 1〉. In the Pauli represen-
tation the Hamiltonian can be written as
H = h¯ωc
(
a†a+ 12 + β αa
αa† a†a+ 12 − β
)
. (4)
with the parameters β = g
∗µBB
2h¯ωc
and α = − αz
√
2
λch¯ωc
, the
cyclotron frequency ωc =
eB
m∗ and the magnetic length
λc =
(
h¯
eB
)1/2
.
In Fig. 1 we show the spectrum of Hamiltonian (1)
without magnetic field (left) and with magnetic field
(right) for parameter values corresponding to InAs (m∗ =
0.023m0, g
∗ = −14.9). In Fig. 1a the situation without
SO coupling with spin-degenerate parabolic dispersion
(left) and regular fan-chart of Landau levels (right) is
depicted. Including spin-orbit coupling the picture of
Fig. 1b is obtained with the k-dependent splitting of the
subband dispersion (left) and the characteristic cross-
ing pattern of Landau levels (right). For this calcula-
tion the SO coupling parameter αz was choosen to be
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FIG. 1: Subband Energy dispersion (left) and Landau levels
(right) of a 2DES (parameters m∗ = 0.023m0, g
∗ = −14.9
correspond to InAs) a) without SO coupling αz = 0 eVm, b)
with SO coupling αz = 2.0×10
−11 eVm, and c) with constant
spin-orbit splitting α¯z = 2.5meV.
αz = 2.0 × 10−11 eVm close to the experimental values
reported for InAs samples14. The Hamiltonian (4) indi-
cates that in the presence of SO coupling the spin states,
quantized in z-direction and used in the Pauli represen-
tation, are no longer eigenstates. Instead Hamiltonian
(4) is diagonal for the states1
|n, r〉 =
(
curnΦn
cdrnΦn+1
)
and |n, l〉 =
(
culnΦn−1
cdlnΦn
)
(5)
which can be classified by the helicity κ ∈ {right, left}
and the Landau index n = 0, 1, 2, ... . Φn are the
eigenfunctions of the Landau oscillator. These right/left
states evolve with increasing SO coupling from the spin
up/down states, respectively, by the following choice of
the coefficients:
cunr =
α
√
n+ 1√
(n+ 1)α2 +
(
(12 − β)−
√
dr
)2 ,
cdnr =
(
1
2 − β −
√
dr
)
√
(n+ 1)α2 +
(
(12 − β)−
√
dr
)2 , (6)
3for the right states and
cunl =
α
√
n√
nα2 +
(
(12 − β) +
√
dl
)2 ,
cdnl =
(
1
2 − β +
√
dl
)
√
nα2 +
(
(12 − β) +
√
dl
)2 , (7)
for left states with dr =
√
(n+ 1)α2 + (12 − β)2 and dl =√
nα2 + (12 − β)2. The energy eigenvalues of these states
are
Enr = h¯ωc
(
1 + n−
√
(n+ 1)α2 +
(
1
2 − β
)2)
, (8)
Enl = h¯ωc
(
n +
√
nα2 +
(
1
2 − β
)2)
. (9)
In the following we use the notation
|n, κ〉 =
∑
σ
cσnκ
∣∣n− σ−κ2 , σ〉 . (10)
where σ denotes the spin quantized in z-direction (1: up,
-1: down) and κ the helicity (1: right, -1: left).
The low temperature magnetoconductivity is deter-
mined by the electron states close to the Fermi energy.
We will be interested mainly in the low-magnetic field
regime where the conductivity is dominated by contribu-
tions from Landau levels with n≫ 1 and we may simplify
the energy spectrum by replacing α→ α¯/
√
a†a+ 12 with
α¯ = α¯z2h¯ωc . With the approximation
n+1
n → 1 we arrive
at a model with constant spin-splitting ∆SO = 2α¯z and
the coefficients of (6) and (7) take the forms
cur =
α¯√
α¯2 +
(
(12 − β)−
√
d¯
)2 ,
cdr =
(
1
2 − β −
√
d¯
)
√
α¯2 +
(
(12 − β)−
√
d¯
)2 (11)
and
cul =
α¯√
α¯2 +
(
(12 − β) +
√
d¯
)2 ,
cdl =
(
1
2 − β +
√
d¯
)
√
α¯2 +
(
(12 − β) +
√
d¯
)2 (12)
respectively, where d¯ =
√
α¯2 + (12 − β)2. For this con-
stant SO coupling model the energy eigenvalues are
Enr = h¯ωc
(
1 + n−
√
α¯2 +
(
1
2 − β
)2)
, (13)
Enl = h¯ωc
(
n +
√
α¯2 +
(
1
2 − β
)2)
. (14)
The energy spectrum of this model (Fig. 1c) consists of
the two branches of right and left states which by our
choice of α¯z are shifted by ∆SO = 5meV. The crossing
of Landau levels takes place for all levels at the same
magnetic field. Thus our model preserves the two main
effects of SO coupling, the crossing of Landau levels and
the mixing of spin components up/down.
III. SCBA WITH SPIN-DEGREE OF FREEDOM
For the calculation of the conductivity scattering has
to be taken into account. The impurity-averaged Green
function of the system G is given by the Dyson equation
G = G0 +G0ΣG. (15)
The scattering is included by the selfenergy Σ in self-
consistent Born approximation (SCBA)28. The matrix-
elements of the selfenergy 〈α|Σ|α′〉 = Σαα′ , α = (nκ)
read in the basis of eigenstates (10)
Σαα′ =
∑
ββ′
Γαββ′α′Gββ′ . (16)
The kernel Γαββ′α′ is given by the expression
Γαββ′α′ =
∫
dq2
(2pi)2 |v˜I(q)|
2 〈α| eiqr |β〉 〈β′| e−iqr |α′〉 ,
(17)
where v˜I(q) denotes the Fourier transform of the impurity
potential29.
We consider spin-conserving short range impuritiy
scattering. By this choice we neglect magnetic impu-
rities and SO coupling with the scattering center, thus
without Rashba SO coupling scattering is possible only
between states with the same spin-quantum number. In
the new basis (10), including the Rashba term, scattering
between states with different helicity becomes possible.
For δ-scatterers Eq. (17) simplifies to
Γαββ′α′ = Γ
2
∑
σσ′
(
cσnκ
)∗
cσmκ˜
(
cσ
′
m′κ˜′
)∗
cσ
′
n′κ′× (18)
× δ
n−σ−κ2 ,n′−
σ′−κ′
2
· δ
m−σ−κ˜2 ,m′−
σ′−κ˜′
2
,
(19)
where Γ2 = 12pi h¯ωc
h¯
τ is connected through the relaxation
time τ with the mobility µ = eτ/m∗ in the case without
magnetic field. The Kronecker symbols have the form
δn′,n−θ and δm′,m−µ with θ = 12 (σ − σ′ − κ + κ′) =
−2,−1, 0, 1, 2 and µ = 12 (σ−σ′− κ˜+ κ˜′) = −2,−1, 0, 1, 2.
We restrict ourselves to the diagonal approximation in
the spacial quantum numbers by considering only θ =
µ = 0. In this approximation the selfenergy reads
Σκκ
′
nn′ = Σ
κκ′δnn′ with Σ
κκ′ independent of n, and the
Green function Gκκ
′
mm′ = G
κκ′
m δmm′ . Thus the SCBA self-
energy becomes
Σκκ
′
= Γ2
∑
m
∑
κ˜κ˜′
ακκ
′
κ˜κ˜′G
κ˜κ˜′
m (20)
4with
ακκ
′
κ˜κ˜′ =
∑
σσ′
(
cσκ
)∗
cσκ˜
(
cσ
′
κ˜′
)∗
cσ
′
κ′ δσ−σ′,κ−κ′ δσ−σ′,κ˜−κ˜′ (21)
and (
Gκκ
′
m
)−1
= (G κ0m)
−1
δκκ′ − Σκκ
′
, (22)
where G κ0m is the Green function of the system with-
out impurities. Using the abbreviations Σκκ ≡ Σκ,
Gκκm ≡ Gκm and ακκκ˜κ˜′ ≡ ακκ˜δκ˜κ˜′ the selfenergy can now
be calculated from
Σκ = Γ2
∑
mκ˜
ακκ˜G
κ˜
m with ακκ˜ =
∑
σ
|cσκ|2 |cσκ˜|2 .
(23)
The off-diagonal elements of the selfenergy will be ne-
glected.
The density of states for the left and right components
are obtained by the trace over the spectral funktions
Aκm = −Im
{
1
piG
κ
m
}
.
Dκ(E) =
1
LxLy
Trm{Aκm} =
= − 1
(piλcΓ)2
∑
κ′
(α−1)κκ′ Im
{
Σκ
′
(E)
}
. (24)
Here (α−1)κκ′ is the inverse of the matrix formed from
the ακκ′ of Eq. (23) for which ακκ+ακ(−κ) = 1. For van-
ishing SO coupling one has ακκ˜ → δκκ˜ and the standard
SCBA result is reproduced. For strong SO coupling if
α¯ > 1, i.e. the Landau splitting is smaller than the split-
ting induced by the SO interaction, one has ακκ˜ → 12 .
Due to the SO interaction the Landau levels of different
helicity cross as seen in Fig. 1b and c. To demonstrate
the influence of scattering around these crossing points
we apply the described extension of the SCBA to a two
level system with different spacings. The two states at
the energies Er, El have different helicity and evolve with
increasing SO coupling from the spin up/down states with
energy Eu and Ed.
In Fig. 2a the situation without SO interaction ακκ˜ =
δκκ˜ is shown. For decreasing energy difference Eu − Ed
the form of the selfenergy, calculated from Eq. (23), and
the density of states, from Eq. (24), keeps unchanged. In
contrast, in the case of SO coupled states (Fig. 2b, with
ακκ = 0.6) the impurity scattering adds to the selfenergy
a contribution at the neighbouring state with opposite
helicity. If the states are not degenerate, both width and
height of the imaginary part of the selfenergy are reduced
as compared with Fig. 2a, while for the degenerate levels
the selfenergy and the density of states are identical with
the situation of pure spin states. For strongly SO coupled
states ακκ → 12 the height and width of the imaginary
part of the selfenergy are reduced by 1/
√
2, as can be
seen from Eq. (23). As these parameters are inversely
proportional to the relaxation time we conclude, that the
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FIG. 2: Selfenergies Σ(E) and density of states for a two-level
system without (a) and with (b) SO coupling for different
separation of the up-/down- or right-/left-eigenstates in (a)
and (b), respectively. In (b) a mixing coefficient ακκ = 0.6 at
the energies Er and El has been chosen.
scattering time is increased by the SO coupling, away
from the crossing points.
To summarize, the scattering strength depends on the
level separation, i.e. on the distance from crossing points
in Fig. 1. As this distance varies with the magnetic field
we expect a modulation of the scattering strength with
the magnetic field.
IV. CONDUCTIVITY
Based on the exact eigenstates of the constant SO cou-
pling model we evaluate the Kubo formula
σµµ =
e2pih¯
LxLy
∫
dE(−df0
dE
)
∑
αα′
|〈α|vµ|α′〉|2AαAα′ (25)
to calculate the conductivity. Here the spectral func-
tion Aα includes the impurity scattering in SCBA as de-
scribed in Sec. III and the Fermi distribution function
yields the temperature average. The velocity is given by
the equation ih¯vµ = [xµ, H ], which results in
vx =
1
m∗
(
pix +
αz
h¯ σy
)
and vy =
1
m∗
(
piy − αzh¯ σx
)
.
(26)
Besides σµµ, µ = x, y we calculate also the thermo-
dynamic density of states at the Fermi energy DF =
5∫
dE(− df0dE )D(E). In Fig. 3 both quantities are shown
for the two temperatures T = 1K and T = 3K with
the Fermi energy determined from the constant electron
density ns. For comparison the classical high tempera-
ture limit of the SCBA for decoupled Landau levels is
given by the dashed line. The effect of spin-orbit cou-
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FIG. 3: Thermodynamic density of states at the Fermi en-
ergy DF and longitudinal conductivity σxx for the parameters
of Fig. 1, electron density ns = 3.0 × 10
15 m−2 and mobility
µ = 50m2/Vs at two temperatures T = 1.0K (black solid)
and 3.0K (grey solid). The grey circless mark the expected
position of maxima of the SdH oscillations without SO cou-
pling; Landau level crossings due to the SO coupling are in-
dicated by crosses. The dashed line in the plot of the longi-
tudinal conductivity is the classical limit of the SCBA when
the Landau levels are decoupled.
pling is seen in DF as the beating pattern, well-known
from measured SdH oscillations14,15,16,17, while in σxx
it causes an additional modulation, which survives even
at a higher temperature when the SdH oscillations are
damped out. The period of this modulation is deter-
mined by the crossing of Landau levels (marked in Fig. 3)
induced by the spin-orbit coupling. The self-energy en-
ters differently into DF and σxx. In DF it leads to a mod-
ulated broadening of the Landau levels which is washed
out in the high-temperature limit, while in σxx it acts
in addition as a scattering time whose dependence on
the level separation remains even at higher temperatures.
This is seen by comparing with the classical SCBA limit
for decoupled Landau levels (dashed lines): the Kubo
formula (25) yields a magnetoconductivity which is re-
duced away from the crossing points due to suppression
of impurity scattering. (Note, that we are in the limit
ωcτ ≫ 1, where the Drude conductivity is proportional
to 1/τ .) To demonstrate the effect of scattering between
states of different helicity in our extension of the SCBA,
we show in Fig. 4 the dependence of the conductivity
at T = 3K on the mixing coefficient ακκ˜ by keeping
the energy spectrum with spin-orbit splitting unchanged
but varying ακκ, which otherwise is given by the coef-
ficients cσκ. Neglecting the scattering between states of
different helicity ακκ = 1, the crossing of Landau levels
has no effect on the conductivity. For dominant spin-
orbit coupling, ακκ → 12 , we see that the conductivity
is reduced between crossing points of Landau levels. We
can distinguish two situations (top of Fig. 4): The states
with different helicity are degenerate (A) and the scat-
tering efficiency keeps unchanged; When right/left-states
are not degenerate (B) the conductivity depends on ακκ˜.
In Fig. 5, we have varied the strength of the impurity
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FIG. 4: (a) Sketch of Landau level spectrum with (A)
and without (B) degeneracy of states with different helicity.
(b) Longitudinal magnetoconductivity in dependence of the
strengh of the SO coupling expressed by the parameter ακκ
for high temperature T = 3.0K. The parameters are those of
Fig. 3 and the dashed line is again the classical limit of the
SCBA when the Landau levels are decoupled.
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FIG. 5: Longitudinal magnetoconductivity at fixed αrr = 0.6
but with different Γ0 at T = 3.0K. The other parameters are
those of Fig. 3. The dashed lines mark the classical limit of
the SCBA with decoupled Landau levels.
scattering by changing the parameter Γ. At the clas-
sical limit of the SCBA with decoupled Landau levels
(dashed lines), we see that the conductivity rises with
increasing Γ. The modulation of the conductivity due to
the crossing of Landau levels decreases, because the limit
6of decoupled Landau levels cannot be reached for large
enough Γ.
We have shown by a quantum mechanical calculation,
that the SO coupling causes the expected beats of the
SdH oscillations. In addition our results exhibit a new
modulation of the magnetoconductivity which can be as-
cribed to a modification of impurity scattering in the
presence of SO coupling. This could help in experiments
to distinguish the effect of the SO coupling from that of
inhomogeneous electron densities which was invoked in
Ref.20 to explain beatings in the SdH oscillations.
V. MAGNETOTRANSPORT IN LATERAL
SUPERLATTICES WITH SPIN-ORBIT
COUPLING
Lateral semiconductor superlattices have proven to be
well suited for studying the physics of Bloch electrons
in artificial periodic systems21. A variety of oscillations
have been observed in magnetotransport experiments for
systems, in which the lattice constant a is comparable
with achievable magnetic lengths λc =
√
h¯
eB and both
being much smaller (at low temperature) than the car-
rier mean-free-path. After having studied the SdH oscil-
lations in the previous section we focus here on the influ-
ence of the Rashba SO interaction on the various mag-
netoconductivity oscillations due to the periodic modu-
lation mentioned in the introduction. For the lateral su-
perlattice with Rashba SO interaction the Hamiltonian
is given by
H =
(
1
2m∗ (pi
2
x + pi
2
y)
αz
h¯ (pix + ipiy)
αz
h¯ (pix − ipiy) 12m∗ (pi2x + pi2y)
)
+
(
V (x, y) 0
0 V (x, y)
)
.
(27)
We consider here a periodic modulation in x direction
described by
V (x) =
V0
2
cos(
2pi
a
x). (28)
It removes the degeneracy of the Landau levels and is
taken into account in evaluating the Kubo formula to-
gether with the spin-conserving impurity scattering in
the extension of the SCBA as for the homogeneous 2DES.
In Fig. 6 the longitudinal magnetoconductivities σxx and
σyy, in the direction of the modulation and perpendicular
to it, respectively, are depicted for potential parameters
V0 = 3meV, a = 75 nm, and two temperatures. The
Fermi energy was fixed to EF = 30meV, much larger
than the amplitude of the periodic potential, which de-
fines the weak modulation case. The mixing coefficient
was fixed to the maximum value ακκ =
1
2 . Different
types of oscillations can be identified of which at the
higher temperature (3K) only the commensurability os-
cillations and the modulation due to SO coupling survive.
The periods (seen in the 1K traces) can be quantified in
simplified models. Following Onsager32 the SdH periods
are
∆
SdH:+/−
1/B =
eh¯
m∗(EF ± 12∆SO)
, (29)
where the appearance of two Fermi contours due to the
spin-splitting is accounted for19. The period of the com-
mensurability oscillations in given by26
∆
CO:+/−
1/B =
ea
2
√
2m∗(EF ± 12∆SO)
. (30)
where again the spin-split Fermi contours are considered.
The periods reflecting the formation of the miniband
structure due to the periodic potential24,30,31 are quanti-
fied by
∆1/B =
2pie
h¯
1
A
, (31)
where A is the cross section of the modified Fermi contour
given in Ref.31. Again the spin-splitting due to SO cou-
pling is to be considered and Eq. (31) yield two periods
for the Fermi cross sections
A1D:+/− =
2m∗(EF ± 12∆SO)pi
h¯2
− (32)
− 2
(pi
a
)√2m∗(EF ± 12∆SO)
h¯2
−
(pi
a
)2
−
− 4m
∗(EF ± 12∆SO)
h¯2
arcsin
pih¯
a
√
2m∗(EF ± 12∆SO)
.
(33)
Finally we may conclude from the eigenvalues of Eq. (8)
for n≫ 1 a period of
∆SO1/B =
eh¯
m∗∆SO
(34)
for the modulation connected with the crossing points of
the Landau levels at the Fermi energy.
In order to analyze all these oscillations we take the
power spectrum of the differences ∆σµµ, µ = x, y, of the
calculated longitudinal conductivities at 1 and 8K. It is
shown in dependence on the strength of the SO coupling
(Fig. 7) and on the Fermi energy EF (Fig. 8) together
with the periods predicted from Eqs. (29)-(34). In Fig. 7
we see that with increasing SO coupling the frequencies
of all (but one) resolved 1/B periodic oscillations split
and the maxima of the Fourier transform follow the pre-
dictions of the simplified models. This is not the case for
the peaks showing up at the lowest f1/B values. These
peaks, being due to the modulation resulting from our
extension of the SCBA (Sec. III), do not split and follow
the analytic expressions of Eq. (34). In Fig. 8 the oscilla-
tion period is shown in dependence on the Fermi energy.
Again the maxima of our full quantum-mechanical calcu-
lation follow the predictions of the simplified models of
Eqs. (29)-(34).
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FIG. 6: Longitudinal magnetoconductivities σxx and σyy
for a lateral superlattice with uni-directional modulation in
x-direction. (modulation amplitude V0 = 3meV, lattice
constant a = 75nm, Fermi energy EF = 30meV, mobility
µ = 50m2/Vs and InAs effective mass m∗ = 0.0229me. The
SO coupling is αz = 2.0 × 10
−11 eVm and the mixing coeffi-
cient ακκ = 0.5.
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FIG. 7: The absolute value of the Fourier spectrum of the
difference of the conductivities at 1K and 8K analogous to
Fig. 6 is shown in dependence on αz. The arrows mark
the contribution due to the crossing of Landau levels. The
calculated Fourier spectrum is compared with the models of
Eqs. (29),(30), (31) and (34).
VI. SUMMARY
We have calculated the magnetoconductivity for a ho-
mogenous 2DES with spin-orbit interaction including a
non-trivial extension of the SCBA which takes into ac-
count the spin-degree of freedom. The crossing of Lan-
dau levels with different helicity, which is induced by the
spin-orbit interaction, manifests itself in an additional
modulation of the conductivity. It is due to a modifi-
cation of impurity scattering in the presence of SO cou-
pling. This signature could be used - besides the beating
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FIG. 8: The absolute value of the Fourier spectrum of the
difference of the conductivities at 1K and 8K analogous to
Fig. 6 is shown in dependence on the Fermi energy EF. The
arrows mark the contribution due to the crossing of Landau
levels. Comparison with Eqs. (29),(30), (31) and (34) is shown
by straight lines.
of SdH oscillations - for the experimental verification of
SO coupling.
Further we have investigated the influence of SO in-
teraction on the magnetoconductivity oscillations in 1D
lateral superlattices. The prediction of the frequencies
by simple models and the numerical calculations are in
agreement and should motivate an experimental verifica-
tion.
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